We examine metacontrast masking with texture-defined second-order stimuli. Our results reveal that (1) the monotonic type A as well as the nonmonotonic (U-shaped) type B metacontrast effect, which has been extensively examined with first-order luminance-defined stimuli, can be obtained with texturedefined second-order stimuli; and (2) while variations of luminance contrast are known to affect the magnitude of metacontrast with first-order stimuli, neither the size nor orientation contrast between texture elements defining the second-order stimuli have a significant impact on the magnitude or shape of metacontrast. These findings bear on theories of metacontrast masking by showing that the mechanism giving rise to nonmonotonic masking effects can operate beyond the level of first-order stimulus processing.
Introduction
Visual masking occurs when one stimulus (mask) reduces the visibility of some aspect (e.g. brightness, shape) of another (target) stimulus. Metacontrast masking refers to a specific case of visual masking where the target precedes the mask (i.e. backward masking) and the stimuli do not overlap spatially. This type of masking has been investigated extensively not only because it is an interesting visual phenomenon, but also because it informs researchers about the early levels of visual cortical processing and the interactions between different visual signals (for review, see Breitmeyer & Ögmen, 2006) .
In a typical metacontrast paradigm the visibility of the target changes nonmonotonically with the stimulus onset asynchrony (SOA) between the target and the mask, yielding a type B or Ushaped masking function. The visibility of the target is high at very short and long SOAs (0-30 ms and 100+ ms) but is optimally suppressed at SOAs of 30-100 ms (Alpern, 1953; Breitmeyer, 1978a; Breitmeyer & Ögmen, 2006; Enns & Di Lollo, 1997; Ögmen, Breitmeyer, & Melvin, 2003; Weisstein, 1972; Weisstein, Jurkens, & Onderisin, 1970) . This U-shaped function indicates that the neural signals elicited by the target and mask stimuli interact primarily at the cortical level and is taken as evidence for the interruption mechanism of masking, where mask interrupts ongoing processing of the target (Breitmeyer, 1984; Breitmeyer & Ögmen, 2006; Michaels & Turvey, 1979; Scheerer, 1973) . However, other masking functions with metacontrast stimuli can also be obtained. A linear type A function reflects optimally suppressed target visibility at its simultaneous presentation with the mask and then monotonically increasing visibility as the SOA between the target and the mask increases. In its purest form, type A function is taken as evidence for strong and long neural integration of target and mask signals via luminance-contrast summation at the lower neural areas (e.g. retina) (Breitmeyer, 1984; Scheerer, 1973) , although cortical integration can also occur as shown with dichoptic masking (Smith & Schiller, 1966; Turvey, 1973) . However, especially at the early SOAs, the effects of spatiotemporal summation mechanisms operating precortically often obscure the effects of the cortical interruption mechanism of masking and, as a result, yield J-shaped target visibility functions (Breitmeyer & Ögmen, 2006; Hellige et al., 1977; Michaels & Turvey, 1979; Turvey, 1973) . Here, the visibility of the target remains suppressed at early to intermediate SOAs and then begins to increase. Therefore, when making conclusions about visual processing based on the shape of a visual masking function, it is important to consider stimulus parameters that modulate the shape as well as the magnitude of those masking functions. The effects of duration (Breitmeyer, 1978b; Breitmeyer & Ögmen, 2006) , luminance contrast (Breitmeyer & Ögmen, 2006; Weisstein, 1972) , contrast polarity (Becker & Anstis, 2004; Breitmeyer, 1978c; Breitmeyer et al., 2008) , eccentricity (Alpern, 1953; Kolers & Rosner, 1960; Stewart & Purcell, 1970; Stoper & Banffy, 1977) , size (Bridgeman & Leff, 1979; Growney & Weisstein, 1972; Schiller & Greenfield, 1969) , dichoptic vs. binocular viewing of (Breitmeyer & Kersey, 1981; Schiller & Smith, 1968; Weisstein, 1971) and spatial layout and separation between (Alpern, 1953; Breitmeyer, Rudd, & Dunn, 1981; Dombrowe et al., 2009; Duangudom, Francis, & Herzog, 2007; Growney, Weisstein, & Cox, 1977; Ögmen, Breitmeyer, & Melvin, 2003) reviewed in great detail elsewhere (Breitmeyer & Ögmen, 2006) ; therefore, here we briefly review only those parameters that are directly relevant to the experiments reported below.
First, in visual masking mask-to-target (M/T) energy ratio can be expressed as the ratio of luminance contrasts or the durations of the two stimuli. In general, when M/T energy ratio is less than or equal to 1, type B metacontrast functions are obtained; as M/T energy ratio increases above 1, the type B function starts to shift towards a monotonic type A function (Breitmeyer, 1978b; Breitmeyer & Ögmen, 2006; Weisstein, 1972) . Second, in addition to luminance contrast significantly modulating the shape of the metacontrast function, luminance contrast polarity between target and mask stimuli modulates the magnitude of metacontrast masking. Previous research has shown that metacontrast masking with stimuli of opposite contrast polarity (e.g. white target and black mask on a gray background) is weaker than masking with same polarity stimuli (e.g. white target and white mask on a gray background) (Becker & Anstis, 2004; Breitmeyer, 1978c; Breitmeyer et al., 2008) . Together, these findings show that luminance-defined surface features of first-order stimuli significantly impact metacontrast masking.
Metacontrast masking has been investigated extensively with first-order stimuli, defined by luminance or chromatic differences, while studies using second-order stimuli, such as shapes created in random-dot stereograms or contours defined by texture, motion or local variations in contrast (Cavanagh & Mather, 1989; Chubb & Sperling, 1988) , are few in number. Vernoy (1976) and Lehmkuhle and Fox (1980) reported type A backward masking functions with metacontrast-type stimuli generated in random-dot stereograms. More recently, Phinney and colleagues (Phinney & Homolka, 2008; Zinszer & Phinney, 2009 ) demonstrated that cyclopean metacontrast progresses from type A to type B as the mask-to-target energy ratio (here energy was defined as stimulus duration) decreases from above to below 1. Although these findings are similar to the effects reported with first-order stimuli, suggesting that during metacontrast objects in random-dot stereograms and stimuli defined by luminance contrast are processed similarly, it is presently unclear whether these, and especially the nonmonotonic, masking findings obtained with cyclopean stimuli generalize to other types of second-order stimuli. This is especially of interest since Sackur (2011) recently reported that second-order metacontrast with kinetic and texture-defined stimulus boundaries yielded type A masking functions. However, because the duration-defined M/T energy ratio in his Experiment 1 (which uses most typical metacontrast stimuli) was greater than 1, whether or not U-shaped metacontrast with such second-order stimuli can be obtained remains an open question. At present, due to the very scarce research on the topic of masking with second-order stimuli, we can only speculate whether the above pioneering studies reflect properties of the general metacontrast mechanism that may be activated by both first-and secondorder stimuli, or if these findings are restricted to only a limited set of conditions. Thus, the long-term goals of metacontrast masking studies with second-order stimuli should be (1) to establish whether and what types of second-order stimuli activate the metacontrast suppression mechanisms that first-order stimuli activate; and (2) delineate and compare factors that modulate the shape and magnitude of metacontrast functions with first-and second-order stimuli. Once these general questions are thoroughly investigated, we will have a better understanding not only of the metacontrast suppression mechanisms but also of how second order features and objects are processed by the visual system. As a step towards expanding this field of knowledge, current experiments with texture-defined second-order stimuli (1) assess if type B metacontrast can be obtained with these stimuli when M/T energy ratio is 1, and (2) examine whether surface element contrast of target, mask and background stimuli modulate either the shape or the magnitude of metacontrast.
Experiments

Participants
Twenty-seven University of Houston student and a faculty member practiced in psychophysical experiments, including the three authors, participated in all experiments. Except for the authors, all were naïve about the purposes of the study.
Apparatus
The presentation of stimuli and the recording of responses were controlled using E-Prime software v1.1 (Schneider, Eschman, & Zuccolotto, 2002a , 2002b ) running on a Dell Pentium(R) 2.8 GHz computer. The monitor was set to a 1024 Â 768 pixel resolution which, at a viewing distance of 90 cm, was 21.5 Â 16°. The refresh rate of the monitor was 75 Hz.
Experiment 1
The goal of this experiment is to determine whether texture-defined second order stimuli produce type A or type B metacontrast masking functions. Additionally, because luminance-contrast differences between first-order target and mask stimuli can significantly modulate the magnitude of metacontrast masking (Breitmeyer, 1978b; Weisstein, 1972) , this study also examines whether the difference between the size of texture elements defining the target and mask stimuli, i.e. whether the size contrast between texture elements, yields comparable effects.
Stimuli
Textures used to create the stimuli were first generated in Adobe Photoshop CS2 (v. 9.0.2) software. The space-averaged luminance across all stimuli and backgrounds was set at a fixed value of 7.8 cd/m 2 . Four targets and four masks were always generated by distinct texture patterns. In order to determine spatial frequency compositions for each stimulus, Fourier analyses were conducted on the different types of textures that were used to define the stimuli in this and subsequent experiments. Spatial frequency plots (Fourier spectra) are presented in Appendix A. In this experiment, the stimuli were defined by black and white line elements oriented 135°relative to the horizontal meridian. The average element size (height and width) of the masks could be 40%, 60% or 100% the average size of the elements defining the targets (see lower panels of Fig. 1 ). The background on which the target and mask stimuli were presented was either uniform gray or made up of counterclockwise-tilted texture elements that were 20% of size relative to the elements defining the targets (see upper panel of Fig. 1 ). The background was always 6.6 Â 6.6°. The outside dimensions of targets and masks were 1.5 Â 1.5°and 2.1 Â 2.1°, respectively. The vertical edge of the corner, missing either on the left or else the right of the target, subtended 0.8°. The masks always fit snugly around the targets (see Fig. 1 , top left). 1 We note that in only one condition of Sackur's (2011) Experiment 1, where target and mask stimuli were defined by movement features and texture differences, respectively, target accuracy as a function of SOA showed a tendency towards a J-or U-shaped function.
Procedure
Each observer participated in a 1-h session. Regular breaks were given between tasks. The experiment was run in a dark room. All viewing was binocular. The trials were blocked by background type (uniform gray or texture), mask element size (40%, 60% or 100%), and then further blocked by SOA. A trial consisted of a presentation of a background for 1200 ms, followed by a brief warning tone which, after 600 ms, was followed by the presentation of a target. The mask followed the target at a preset SOA. The duration of the target and the mask was 27 ms while the SOA varied from 0 ms to 107 ms in steps of 27 ms. A notional fixation cross was displayed on the screen throughout the experiment, and all stimuli were centered foveally (see upper panels of Fig. 1 ). The observers were instructed to respond as accurately as possible by pressing one of two keys to indicate which corner of the target, right or left, was missing. The observers were given 5 s to make their response. A session consisted of a total of 256 trials for each background and mask type block, with 32 trials devoted to each of the five SOAs and to a baseline condition in which only the target was presented. The SOA and baseline blocks were randomized across observers.
Results 2 and discussion
Here and throughout, before conducting analyses, trials which did not conform to the specified temporal parameters were removed. On average, less than 1% of trials per subject per block of trials were removed from further analyses. Additionally, correct target identification proportions were converted to their arcsine values for statistical analyses. Target accuracy was submitted to a 2 (background type: uniform gray or texture) Â 3 (mask element sizes: 40%, 60% or 100% of target element size) Â 5 (SOA) repeatedmeasures ANOVA. The significant main effect of background (F(1, 26) = 112.48, p < 0.001, g 2 p ¼ 0:81) reflects overall higher accuracy to targets presented on a gray as compared to a texture background. Additionally, as expected, the main effect of SOA was also significant (F(4,104) = 18.39, p < 0.001, g Upper right: Example of a mask on a textured background. Here, the mask and background elements are 60% and 20% of target element size (100%), respectively. For illustration purposes, the white dashed outlines are included to facilitate discrimination of the mask's edges. Lower panels: Examples of textures used to define stimuli in Experiment 1. Middle left: 20% texture used for background; middle right: 40% texture used for mask; bottom left: 60% texture used for mask; bottom right: 100% texture used for target and mask. g 2 p ¼ 0:69), indicative of U-shaped, type B masking is significant (Fig. 2) . Moreover, an interaction between background type and SOA was significant (F(4,104) = 19.98, p < 0.001, g 2 p ¼ 0:44), reflecting a much lower target accuracy on a texture as compared to gray background at small and intermediate (0-53 ms) than the smaller accuracy difference at longer SOAs (above 53 ms) (Fig. 2) . Finally, a significant interaction between element size and SOA (F(8,208) = 2.05, p = 0.042, g 2 p ¼ 0:073) was also obtained. This interaction, shown in the left panel of Fig. 3 , indicates that regardless of (and for either) background strongest masking is obtained when target and mask are defined by texture elements of equivalent size (100 el. size) and especially at intermediate SOAs. No other main effects or interactions were significant.
The results of this experiment demonstrate that type B metacontrast masking functions can be obtained with texture-defined second-order stimuli. The obtained functions are comparable to those reported in numerous metacontrast studies conducted with first-order stimuli (Breitmeyer & Ögmen, 2006) . Additionally, these results are also in line with recent reports of type B metacontrast functions obtained with second-order stimuli in random dot stereograms (Phinney & Homolka, 2008; Zinszer & Phinney, 2009 ). These converging findings suggest that type B metacontrast suppression mechanism, while activated powerfully by first-order stimuli, may also be activated by different types of second-order stimuli.
The overall statistical analyses indicate that the magnitude of metacontrast masking with texture-defined stimuli is not significantly impacted by the size of texture elements defining the masks. However, a couple of points regarding texture-size contrast between target and mask stimuli as well as between those stimuli and the background merit emphasis. First, target accuracy was overall higher when target and mask stimuli were presented on a gray as compared to a texture background (Fig. 2) . Here, texturesize contrast between elements defining the target and the background was maximal, thus yielding highest visibility of the target stimulus. Additionally, texture-size contrast between elements defining the mask and background was also maximal, yielding highest visibility of the masks. However, because the factor of mask-element size was not significant in the main analyses, it suggests that the texture-size contrast between elements defining the target and background, but not between target and mask, significantly modulates metacontrast masking with texture-defined second-order stimuli. Second, on both the gray and texture backgrounds strongest masking and the most pronounced type B metacontrast function was obtained with target and mask stimuli defined by texture elements of the same size, thus yielding minimal texture-size contrast (see Fig. 3 , middle and right panels). Although the results of statistical analyses reported above do not allow us to conclude that texture-size contrast between target and mask elements significantly modulates the magnitude of metacontrast masking (the effect size of the significant interaction between SOA and mask element size is minimal, g 2 p ¼ 0:073), it nonetheless should be pointed out that target and mask stimuli defined by the same texture tend to produce most pronounced type B metacontrast functions (see 100 el. size curves in Fig. 3 ). Thus, in future studies the degree of similarity between second-order surfaces of target and mask stimuli should be given careful consideration.
Experiment 2
As reviewed above, studies with first-order stimuli have shown that metacontrast masking can be modulated by luminance contrast (Breitmeyer, 1978b; Weisstein, 1972) and polarity (Breitmeyer, 1978c; Breitmeyer et al., 2008) between target and mask stimuli. Additionally, the magnitude of metacontrast masking with first-order grating stimuli has been shown to depend on similarity between orientation of features defining the target and mask (Ishikawa, Shimegi, & Sato, 2006; Bruchmann, Breitmeyer, & Pantev, 2010) , although exceptions to this have been reported when target and mask consist of more complex stimuli such as components of faces (Bachmann, 2009) . As shown in Experiment 1, size differences in texture elements defining the target and mask stimuli overall do not significantly affect metacontrast masking. However, the contrast between surface features can be expressed by differences in not only size but also orientation of the texture elements. Experiment 2 tests whether the orientation differences of elements defining the target and mask modulate the magnitude of metacontrast with texture-defined second-order stimuli.
Stimuli
Stimuli were generated in the same manner as in Experiment 1. The space-averaged luminance across all stimuli and backgrounds was set at a fixed value of 6.7 cd/m 2 . The background was composed of black and white dots to minimize any effect of background texture element orientation (upper panels of Fig. 4 ) on masking. The target and the mask were defined by black and white line elements of equivalent size. Relative to the horizontal meridian, the elements of the target were oriented 0°while the elements of the mask could be oriented 0°, 45°or 90°, respectively (middle and lower panels of Fig. 4) . Minimal element orientation contrast of 0 between target and mask stimuli means that elements of stimuli are parallel; maximal element orientation contrast of 90 means that the respective elements are perpendicular to each other. All other aspects of the background, target and mask stimuli were the same as in Experiment 1.
Procedure
The procedure remained the same as in Experiment 1 except here there were three sets of trials blocked by element orientation contrast between target and mask.
Results and discussion
Correct target identifications were submitted to a 3 (mask orientation: 0°, 45°or 90°) Â 5 (SOA) repeated-measures ANOVA. Only the main effect of SOA was significant (F(4,104) = 30.44, p < 0.001, g 2 p ¼ 0:54). As can be seen in Fig. 5 , the results yield a Fig. 2 . Target accuracy, collapsed across mask texture element-size conditions, when stimuli were presented on a gray or a texture background as a function of SOA. Notice that U-or J-shaped functions were obtained on both types of backgrounds with texture-defined second order stimuli. Baseline corresponds to target accuracy when no mask was presented. For each data point error bars correspond to its SEM.
J-shaped masking function. Here, both the linear (F(1, 26) = 36.87, p < 0.001, g 2 p ¼ 0:59) and the quadratic (F(1, 26) = 53.57, p < 0.001, g 2 p ¼ 0:67) trends were significant but the latter one accounts for more variance in the data than the former one. As can be seen in the right panel of Fig. 5 , when the contribution of the linear trend to these data is discounted, the quadratic trend emerges clearly, indicating the effect of type B metacontrast mechanism. Notice that here, like in Experiment 1 (Figs. 2 and 3) , optimal suppression This experiment examined the effect of texture-orientation contrast between the elements defining targets and masks on metacontrast masking. First, a J-shaped masking function of target visibility was obtained (Fig. 5) . Additionally, the results show that texture-orientation contrast, like the texture-size contrast in Experiment 1, between the elements defining targets and masks does not exert a significant effect on the magnitude of metacontrast with texture-defined second-order stimuli, quite unlike the effects of first-order luminance-defined contrast differences (Breitmeyer, 1978b; Weisstein, 1972) or spatial frequency-and orientation-defined differences of grating targets and masks (Ishikawa, Shimegi, & Sato, 2006; Bruchmann, Breitmeyer, & Pantev, 2010 , but see Bachmann, 2009 ). This suggests that, as long as target and mask energy are equated (e.g. same duration of the stimuli), the surface features of texture-defined second-order stimuli do not significantly affect metacontrast masking.
Experiment 3
Results of Experiment 2 show that orientation differences between texture elements defining the target and mask stimuli do not modulate the shape or magnitude of metacontrast masking functions. Here we examine whether differences in orientation of elements defining the masks and background effect affect metacontrast.
Stimuli
Stimuli were generated in the same manner as in Experiments 1 and 2. The space-averaged luminance across all stimuli and backgrounds was set at a value of 6.9 cd/m 2 . Here, the targets were composed of black and white dots to minimize any effect of target texture element orientation on masking. The background and masks were defined by black and white line elements of equivalent size. Relative to the horizontal meridian, the elements of the background were oriented 135°while elements of the masks were oriented 45°, 90°, 112°, 124°and 135° (Fig. 6 ). Element orientation contrast was interpreted in the same manner as in Experiment 2. Sizes of background, target and mask stimuli were the same as in Experiment 2.
Procedure
The procedure remained the same as in Experiment 2, except here trials were blocked into five sets by element orientation contrast between background and mask stimuli.
Results and discussion
Correct target identifications were submitted to a 5 (mask orientation: 45°, 90°, 112°, 124°or 135°) Â 5 (SOA) repeated-measures ANOVA. Only the main effect of SOA, illustrated in and quadratic (F(1, 26) = 26.32, p < 0.001, g 2 p ¼ 0:50) trends of this main effect are significant. As can be seen in Fig. 7 , when the contribution of the linear trend to these data is discounted, the quadratic trend emerges clearly, indicating the effect of type B metacontrast mechanism. Notice that again here, like in Experiments 1 (Figs. 2 and 3 ) and 2 (Fig. 5) , optimal suppression of target visibility, as indexed by the quadratic trend, occurs at an SOA of 53 ms.
This experiment examined whether texture-orientation contrast between the elements defining the background and masks modulates the magnitude of metacontrast masking with such second-order stimuli. Like in Experiment 2, a J-shaped masking function of target visibility was obtained (Fig. 7) . Additionally, similar to results of Experiment 2, examining orientation contrast between target and mask texture elements, the orientation contrast between elements defining the background and mask does not significantly modulate metacontrast masking with texture-defined second-order stimuli, although careful inspection of Fig. 7 hints that at an intermediate SOA of 53 ms masking strength is directly proportional to orientation contrast between background and mask elements. However, the combined results of Experiments 2 and 3 show that element orientation contrast between second-order stimuli overall does not affect the magnitude of metacontrast masking, whereas increases of the luminance contrast of first-order stimuli do lead to such increases in masking (Breitmeyer, 1978a; Weisstein, 1972) . Finally, notice that substantial masking occurred even when element orientation contrast between the background and the mask was minimal (i.e. equal to 0, M.el.orient-135); that is, when the orientation of the texture elements defining these stimuli was equivalent. Here, the edges of the mask could be discriminated only by differences of spatial phase between the background and mask elements. Since texture-element phase is another dimension alongside element size and orientation differences that can define texture contrast, systematic investigation of texture-phase differences may be merited in future studies.
General discussion
The present experiments investigated metacontrast masking with texture-defined second-order stimuli. It is known that for M/T energy ratios less than or equal to 1.0 first-order metacontrast stimuli typically yield U-shaped, type B metacontrast functions. Such a pattern of results indicates that interaction between target and mask stimuli in such displays occurs at the cortical level (Breitmeyer & Ögmen, 2006) . Initial metacontrast masking studies with second-order stimuli generated in random-dot stereograms reported only type A backward masking functions (Breitmeyer, 1984; Lehmkuhle & Fox, 1980; Vernoy, 1976) . However, more recent studies (Krueger, Dobelbower, & Phinney, 2006; Phinney & Homolka, 2008; Zinszer & Phinney, 2009) suggest that with very selective stimulus parameters metacontrast suppression of these cyclopean stimuli can be similar to that of first-order stimuli, yielding a type B masking function. The present experiments comprise the first study to show that U-shaped, type B metacontrast masking functions can also be obtained with texture-defined second-order stimuli, and that such an effect is more robust than metacontrast obtained with cyclopean stimuli.
Studies with first-order stimuli have shown that variations of luminance contrast (i.e. varying energy ratio between mask and target) (Breitmeyer, 1978b; Weisstein, 1972) as well as luminance contrast polarity between target and mask stimuli (Becker & Anstis, 2004; Breitmeyer, 1978c; Breitmeyer et al., 2008) produce systematic variations in the shape of the metacontrast function. Furthermore, the magnitude of metacontrast has been shown to vary with similarity between orientation of gratings defining targets and masks (Ishikawa, Shimegi, & Sato, 2006; Bruchmann, Breitmeyer, & Pantev, 2010) . In Experiment 1 we examined the effect of texture element size contrast between stimuli on metacontrast masking with second-order stimuli. Furthermore, we investigated how texture-orientation contrast between elements defining target and mask stimuli (Experiment 2) and those defining the background and masks (Experiment 3) modulates the shape and magnitude of metacontrast masking functions with such secondorder stimuli. Our results show that overall neither their shape nor magnitude is significantly modulated by these contrasts. Thus, while differences between luminance contrast and orientation of first-order targets and masks presented on a uniform background can result in either type A or type B masking functions of varying magnitude, such effects were not found with texture-defined second-order stimuli. These findings have implications for accounts of metacontrast masking.
Several different theories of backward masking have been proposed. The lateral-inhibition account (Bridgeman, 1971; Macknik & Martinez-Conde, 2004) posits that metacontrast suppression is a low-level mechanism neural correlates of which can be found as early as the lateral geniculate nucleus and V1. However, it is unlikely that lateral inhibition can account for the masking effects obtained in the current study due to the processing our stimuli require. Presently it is not fully clear how texture-defined second-order contours are established in the visual system although the most likely candidates are texture border segregation and figure-ground segmentation processes. These extensively investigated processes (Knierim & Van Essen, 1992; Landy & Graham, 2002; Schofield, 2000; Sillito et al., 1995) have been shown to significantly involve extrastriate regions in the ventral stream (Fang, Boyaci, & Kersten, 2009; Lennie, 1998; Kastner, de Weerd, & Ungerleider, 2000; Larsson, Landy, & Heeger, 2006; Zhou, Friedman, & von der Heydt, 2000 ). Hence, low-level, especially subcortical, lateral-inhibition is unlikely to explain metacontrast suppression of texture-defined second-order stimuli.
An alternate, dual-channel RECOD (Breitmeyer & Ögmen, 2000 (Breitmeyer & Ögmen, , 2006 model, proposes that metacontrast occurs because the mask's transient signals, processed in the magnocellular (M) channels of the visual system, suppress target's sustained signals, processed in the parvocellular (P) channels. The M pathway is very sensitive to low spatial frequencies and its contrast response rises rapidly over contrasts ranging from 0 to about 0.25 and thereafter more or less saturates up to the maximal contrast of 1.0 (Derrington & Lennie, 1984; Hicks, Lee, & Vidyasagar, 1983; Kaplan & Shapley, 1986) . As can be seen in the Fourier spectra (see Appendix A) generated for each texture used to define the stimuli in the present experiments, the maximal overlap between spatial frequency content of the background, target and mask stimuli, regardless of the relative sizes and orientations of their texture elements, was for the low but not high frequency values. Thus, all texture-defined second-order stimuli used in the present experiments nearly equally strongly activated the low spatial frequency M pathway. For that reason, it is likely that the size and orientation features of the texture elements defining the mask stimuli in the present experiments did not significantly modulate the response of the M-mediated neural mechanism hypothesized to underlie metacontrast masking (Breitmeyer & Ögmen, 2006) . Moreover, since the M pathway also responds preferentially to high temporal frequencies and transients (Schiller, 1986; Shapley, 1992) , this interpretation is in line with recent evidence that the effectiveness of a texture-defined second-order metacontrast mask is due primarily to its sudden onset (Sackur, 2011) .
Finally, most recent models of visual masking, supported by electrophysiological data (Fahrenfort, Scholte, & Lamme, 2007; Scholte et al., 2008) , propose that target visibility is reduced when its recurrent signals in the cortical pathways are interrupted by the aftercoming mask. Such an approach is similar to that taken by proponents of object-substitution masking (Di Lollo, Enns, & Rensink, 2000) . Here, it is argued that recurrent processes, playing a crucial role in object updating, may also give rise to U-shaped backward masking (Enns & Di Lollo, 1997) . Since such neural interactions can occur at multiple stages of cortical processing, recurrent processing or its disruption within the ventral P-dominant pathway, may contribute to metacontrast masking (Breitmeyer, 2007) .
Taken together, converging evidence suggests that a metacontrast suppression mechanism can be activated not only by first-but also by second-order (cyclopean, texture-defined and single-transient) features and objects. However, our results indicate that unlike with first-order stimuli, surface features of target and mask stimuli do not modulate metacontrast with second-order stimuli. Therefore, it is possible that this suppression mechanism is activated differently by first-and second-order objects. Alternatively, it is also likely that various components of metacontrast suppression are realized at different neural levels. Such a finding would integrate lateral inhibition, transient-on-sustained and reentrant-suppression approaches to masking and would be consistent with current findings showing no single cortical locus of metacontrast suppression (Green et al., 2005; Haynes, Driver, & Rees, 2005) . Future psychophysiological studies as well as electrophysiological investigations with various types of secondorder stimuli may shed more light on these questions.
